Abstract Ureteric injury is one of the most serious complications of gynaecological surgery. Use of prophylactic preoperative bilateral ureteric stents to reduce ureteric injury is established in colorectal surgery and becoming commonplace in complex gynaecological surgery. The safety of the procedure has been questioned due to reports of stent-induced complications including a rare but serious phenomenon of stent-induced transient obstructive oligo-anuria termed reflex anuria, a response to manipulation and irritation of the ureters. A retrospective case-note review of patients who had bilateral ureteric stents placed prior to gynaecological surgery at Salford Royal Hospital, UK, from 2007 to 2011 was performed to identify cases of oligo-anuria post-stenting, which were not related to hypovolaemia, nephrotoxic drugs or a radiologically evident obstruction. All patients had their stents removed immediately at the end of surgery before leaving the operating theatre. Three out of 439 patients (0.7 %), who had preoperative bilateral ureteric stents, developed post-operative oligo-anuria despite relatively normal radiological assessment. In these three cases outlined below, one self-resolved, and two required urgent re-stenting to relieve obstruction. Use of ureteric stents for major gynaecological surgery can expedite intraoperative identification of the ureters to help reduce accidental ureteric injury but can directly cause complications. These three cases have contributed to knowledge of the complications of ureteric stents during major gynaecological surgery. Awareness of reflux anuria as a possible root cause of post-operative acute renal failure is important for guiding appropriate and timely management to preserve renal function.
Background
Ureteric injury during gynaecological surgery can be associated with significant morbidity [1] . This injury rate is approximately 1 % but is particularly associated with abdominal hysterectomies and more complex surgery involving exenterative procedures [2] . Preoperative insertion of ureteral catheters/stents to aid identification of the ureters and avoid injury and/or enhance intraoperative recognition of injury and repair is becoming more common in gynaecology and other surgical disciplines.
Whether or not the use of stents actually helps prevent ureteric injury is controversial. Some studies have found that using stents reduced the injury rate [3] , whereas others do not find any clear benefit [4, 5] . A large randomised controlled trial of 3,141 women who were randomised to prophylactic bilateral ureteral catheterization versus no catheters showed a similar low incidence of ureteral injury in both groups; however, severe injury was less common in women with ureteral catheterization [5] .
The procedure of catheterization and stent insertion per se is associated with complications [6] . Urinary tract infection is common but can be reduced by perioperative antibiotics and early stent removal. Macrohaematuria, dysuria, urgency, pain and fever are particularly associated by stents left in for increased time. There are also rare reports of anuria and acute renal failure as a complication of ureteric catheterization.
During a 5-year period from 2007 to 2011, 439 patients had prophylactic ureteric stents prior to major gynaecological surgery at Salford Royal Hospital, UK. All stented patients had the stents removed immediately at the end of the surgery. Of these, three (0.7 %) developed anuria and acute renal failure not linked to hypovolaemia or acute tubular necrosis, but of a transient obstructive nature, but with relatively normal radiological assessment. These three cases are described.
Case 1
An 82-year-old lady with obesity, hypertension ischemic heart disease and diabetes presented with post-menopausal bleeding. Investigations confirmed an endometrial carcinoma, and she underwent total abdominal hysterectomy and bilateral salpingo-oophorectomy with preoperative bilateral ureteric stenting.
There were no intraoperative complications and no difficulties during stent insertion, but directly after the stents were removed at the end of surgery, gross haematuria was noted. On day 1, post-op haematuria persisted but urine output, vital observations and biochemistry investigations were within normal limits.
On day 2, the patient complained of bilateral groin pain and had persistent haematuria, and despite intravenous fluid challenges, urine output declined to 20 ml/h, (24 h fluid balance: 3,224 ml in/490 ml out). She then developed pulmonary oedema, and investigations revealed metabolic acidosis, urea 7.9 mmol/l, and creatinine 184 μmol/l. A renal tract ultrasound scan showed only mild bilateral hydronephrosis with no site of obstruction or ureteric dilation, and the cause of the oliguria was unclear (Fig. 1b) .
Day 3 was a worsening clinical picture (24 h fluid balance: 1,450 ml in/49 ml out, creatinine 339 μmol/l, urea 15.55 mmol/l), and since post-renal obstruction was considered the most likely cause of the acute renal failure, cystoscopy with bilateral ureteric stenting was performed. The stents were inserted with ease and resulted in dramatic diuresis (7 l over 24 h) and much improved renal function tests. The ureteric stents were left in situ for 10 weeks, after which they were removed without further complications.
Case 2
A premenopausal woman with a high grade ovarian malignancy was admitted for total abdominal hysterectomy with right salpingo-oophorectomy with preoperative bilateral ureteric stenting. The stents were removed at the end of surgery. On day 1, post-op urine output was within normal limits (24 h fluid balance: 3,300 ml in/2,310 ml out), and there was no evidence of haematuria. On day 2, post-op urine output decreased (24 h fluid balance: 2,550 ml in/480 ml out), and the patient complained of severe abdominal and back pain, associated with nausea and vomiting, pyrexia, and rise in creatinine to 202 μmol/l and urea to 5 mmol/l. A CT scan of the abdomen and pelvis showed mild prominence of the pelvicalyceal collecting system and proximal ureters bilaterally tapering to normal calibre in the upper third with no evidence of obstruction or extrinsic compression (Fig. 1a) .
In light of the clinical and biochemical findings, and experience from case 1 (above), an obstruction of the renal tract was still suspected, and she underwent cystoscopy and bilateral ureteric stents on day 3 post-op, after which the creatinine and urea rapidly decreased to 66 μmol/l and 3.6 mmol/l, respectively, and the normal urine output returned (24 h fluid balance: 3,200 ml in/1,726 ml out). The stents remained in situ for 3 weeks, after which her renal function remained normal. preoperative cystoscopy and bilateral ureteric stenting. There were no intraoperative complications, and stents were inserted with ease and removed at the end of surgery. Post-operatively, she passed 1,800 ml of gross haematuria (24 h fluid balance: 2,000 ml in/1,800 ml out) but then became oliguric for 3 days (day 1 post-op 24 h fluid balance: 3,050 ml in/180 ml out, day 2: 2,200 ml in/10 ml out, day 3: 450 ml in/375 ml out), and biochemistry investigations revealed a creatinine of 537 μmol/l and a urea of 16.6 mmol/l. A renal ultrasound performed on day 3 post-op showed no evidence of obstruction and only mild hydronephrosis. Both ureters were not noted to be dilated. She passed 3,700 ml of urine on day 4 (day 4 post-op 24 h fluid balance: 1,300 ml in/3,700 ml out) and 400 ml on day 5 (day 5 post-op 24 h fluid balance: 1,450 ml in/400 ml out) but then again became oliguric for the next 2 days (day 6 post-op 24 h fluid balance: 1,400 ml in/100 ml out, day 7 post-op 24 h fluid balance: 2,500 ml in/0 ml out) (creatinine 602 μmol/l and urea 23.8 mmol/l). Fortunately, she passed 7 l of urine on day 8, and her renal failure was self-resolved without the need for dialysis or further intervention.
Discussion
We describe three case reports of patients who had bilateral ureteric stents placed prior to gynaecological cancer surgery and developed post-operative oligo-anuria with clinically obstructive renal failure despite relatively normal radiological assessment. One case was self-resolved, and two cases required urgent re-stenting to relieve obstruction and regain normal renal function. Development of oligo-anuria has been occasionally documented as a complication of ureteral catheterization, thought to be caused by transient ureteric obstruction following stent removal [7] , and has been estimated as a rate of 0-7.6 % for routine prophylactic ureteric catheterizations [8] . This transient obstructive phenomenon has been described as 'reflex anuria' defined as 'cessation of urine output from both kidneys in response to irritation or trauma to one kidney or ureter or severely painful stimuli to other organs' [9] .
The mechanism for the oligo-anuria is not fully understood, but there is evidence that ureteric manipulation can result in reduced renal blood flow and glomerular filtration rate or a reflex spasm of renal arterioles [10] . Other studies suggest ureteric oedema as the cause of uretovesical junction obstruction and resulting anuria [6] . This theory would explain how re-stenting bypasses the oedema, relieves the obstruction and restores renal function. The majority of studies, however, involved colorectal surgery where ureteric stenting has a longer history and such complications are known to those surgeons. There are only two reports of reflex anuria involving ureteric stents in gynaecological surgery. Abu-Rustum et al. reported that 2 out of 38 hysterectomy cases had a transient rise in post-operative creatinine attributed to distal ureteric oedema and one needed re-stenting to resolve the anuria [3] , whereas Wood et al. reported that 7 out of 92 patients had post-operative oligo-anuria [11] . In contrast, Kuno et al. reported 0 out of 469 patients with reflux anuria postgynaecological surgery [12] .
Our case series provides further evidence for transient obstructive renal failure as a complication of ureteric catheterization in gynaecological surgery at a rate of 0.7 %. Whilst we cannot be absolutely certain of the exact aetiology of the oligo-anuria, we consider these to be cases of reflex oligoanuria as (1) radiologically there was either no abnormality or only mild hydronepthrosis without organic obstruction of the urinary tract, (2) it was rapidly resolved by re-stenting or selfresolving causing a large diuresis, and (3) it was not associated with hypovolaemia or nephrotoxic drugs and did not respond to fluid challenges. As routine prophylactic ureteric stenting prior to gynaecological surgery becomes more widespread, it is crucial that gynaecologists are aware of the more serious complications so as to take appropriate, timely action.
To aid in identification of cases of reflux anuria, postoperative measurement of serum urea and electrolytes may be useful to help evaluate ureteric patency; however, these parameters are commonly affected by factors other than obstruction, such as intraoperative blood loss, fluid replacement and nephrotoxic drugs. It is important to first try to exclude those causes of acute renal failure by fluid challenge and cessation of nephrotoxic drugs.
One way to reduce the possibility of reflux anuria is to use staged removal of stents over a 24-h period or longer [6] . Bothwell used staged removal of stents over 24 h (i.e. removal of the right stent immediately post-operatively and the left stent 24 h later) for 92 colorectal surgery patients and reported no cases of anuria [4] , whereas Chou et al. removed bilateral ureteric catheters at the end of surgery for 1,583 patients and reported no complications directly related to the catheters [5] . The timing of stent removal is likely to be an important factor in the development of reflux anuria. Leaving the stents in for longer may indeed reduce complications but may require a longer post-operative stay or readmission for stent removal may incur increased cost and inconvenience for the patient. It may be that time of stent removal should be made on an individual case or individual institution basis taking into account all the above factors.
Whether or not ureteric stents should be used routinely prior to gynaecological surgery is still under debate. Nevertheless, for surgeons using stents either routinely or on a case-by-case basis, awareness of serious complications of stenting such as the oligo-anuria described here is essential to guide appropriate, timely action and preserve renal function.
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